INTRODUCTION
Toxoplasmosis is an uncommon, but frequently fatal parasitic disease of mammals, birds and reptiles, caused by the protozoan Toxoplasma gondii 1, 8, 17 . The life cycle of this parasite is indirect, with Felidae being the definitive hosts and a broad range of non-feline hosts (mammals, avians and reptiles), as well as cats, serving as intermediate hosts 1, 5, 7, 8, 20, 22 . The typical coccidian enteroepithelial cycle, with both schizogonic and gametogenic development phases in the intestinal epithelium and the shedding of oocysts in the faeces, only occurs in the definitive feline hosts 1, 8, 30 . The extraintestinal (tissue) cycle, with intestinal invasion and visceral dissemination by tachyzoites and progression to bradyzoite-filled tissue cysts, represents the entire life cycle of T. gondii in avians and other intermediate hosts 1, 5, 8, 20 . The proliferating tachyzoite stages of the parasite induce the pathological changes, dominated by multifocal areas of necrosis in various organ systems 1, 10, 12, 13 . In birds that survive long enough to develop adequate specific cell-mediated immunity, tachyzoite replication is arrested and bradyzoite-filled tissue cysts are formed, which are clinically quiescent 1, 10, 12, 13, 24 . Tissue cysts usually persist for life, but in instances where there is immune suppression, reactivation of cysts may occur, with release of tachyzoites and renewed proliferation 8, 13 . Such recrudescent toxoplasmosis is not well documented in avian species 1, 8, 10, 12, 13 . Modes of transmission of T. gondii to avians are via the ingestion of faeces contaminated by sporulated oocysts from Felidae, ingestion of transport hosts (coprophagous arthropods, earthworms) or the carnivorous ingestion of tachyzoites and bradyzoite cysts in animal tissues 1, 21, 28, 31 . Natural infections have been reported in a wide range of wild birds, chickens, turkeys and ducks 1, 12, 15 . Most infections are inapparent with no overt clinical disease 1, 3, 10, 12, 19 . However, under certain ecological conditions outbreaks of acute systemic disease have been reported 1,9,27,30,32,33 . There appears to be variation amongst avian species in susceptibility to disease, with some species being fairly resistant to infection while other species seem to be highly susceptible 1, 2, 6, 24, 27, 30, 33 . Little has been published on clinical toxoplasmosis in pigeons, and this is believed to be the 1st report of toxoplasmosis in Nicobar pigeons (Caloenas nicobaria). The natural habitat of this rare ground pigeon is restricted to the Nicobar and Andaman islands of Asia 16 .
CASE HISTORY
A bird park in Durban, KwaZulu-Natal, South Africa, had a collection of mixed age and sex Nicobar pigeons that were housed in a single display flight. In April 2003, 25 birds were removed from this flight and divided into 10 breeding pairs, 4 spare cocks and 1 hen. Five pairs were sent to another of the company's bird parks in Johannesburg, Gauteng, South Africa, while the other 5 breeding pairs were rehoused at the Durban facility. The 4 spare cocks and hen remained in the original display flight.
In Durban this brand new flight had a river sand base with new perches and nesting boxes. The 5 breeding pairs were placed in this flight on 10 April 2003. The 1st mortality occurred in January 2004, the bird being found dead with no clinical signs. After a 2nd death a few days later the birds were moved to another flight with a solid concrete base. One other death occurred a week later. The remaining birds were subsequently rehoused in another flight with river sand base and no problems have been reported. No nicobars died in the Johannesburg facility. Feral cats were reported as being a problem at the Durban facility.
Necropsies on the 3 nicobars that died were performed by bird park personnel and only formalin-fixed tissues were forwarded to the laboratory for histological examination. Organs received in 10% buffered formalin from these 3 birds included lung, liver, kidney, heart, spleen, proventriculus, small intestine and pancreas. Histological sections were prepared by routine histological procedures, stained with Meyers haematoxylin and eosin (H&E) and examined microscopically.
Microscopic examination revealed severe diffuse pulmonary congestion with interstitial oedema and fibrinoid vasculitis ( 
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Three out of 10 Nicobar pigeons (Caloenas nicobaria) in an aviary collection in South Africa were found dead with no presenting clinical symptoms. Histological examination of formalin-fixed tissues from all these birds revealed necrotic foci in various visceral organs (liver, spleen, heart, kidney and lungs), plus diffuse pulmonary congestion and oedema with vasculitis. Numerous protozoal tachyzoites were present in all organs and there was strong positive immunohistochemical (IHC) labelling of these organisms for Toxoplasma gondii. Pathology was consistent with acute systemic toxoplasmosis as a consequence of oocyst ingestion. Feral cats were known to be a problem at the facility. Clinical toxoplasmosis is rarely reported in pigeons and this is believed to be the 1st report of toxoplasmosis in Nicobar pigeons. microns in diameter, were spherical to tear-drop shaped with round to oval basophilic bodies (nucleus) measuring 3-4 microns in diameter (Fig. 2) . A clear halo between the nucleus and cell membrane of the protozoa was noted. In some places tissue cysts containing numerous protozoa were observed (Figs 1, 2) . Hepatic pathology included dense portal infiltrates of mixed mononuclear cells and heterophils with cholangitis and protozoal organisms. Apoptosis and necrosis of predominantly periportal hepatocytes with similar protozoal organisms were observed. Splenic sections revealed multifocal areas of necrosis with numerous protozoal organisms. Interstitial myocarditis with visible protozoal organisms characterized the myocardial pathology. In the kidney there was interstitial inflammation with vasculitis and locally extensive ulceration of one of the collecting tubules and inflammation associated with similar protozoal organisms (Fig. 3) .
Sections of lungs, heart, liver, spleen and kidney were tested immunohistochemically (IHC) using rabbit polyclonal T. gondii antibodies (Dako, Carpinteria, California) according to the manufacturer's instructions. To avoid the endogenous peroxidases and biotin in avian tissues, a Dako En Vision Horseradish -Peroxidase (HRP) rabbit kit was used. For the chromogen 3-amino, 9-ethyl-carbazole (AEC) from Vector Labs (Burlingame, CA) was used. Briefly, the procedure included dewaxing of sections, quenching with 3 % hydrogen peroxide, digestion in 0.4 % pepsin, rinsing in 0.5 % casein, treatment with primary antibody at 1:1200 dilution, treatment with HRP solution for 30 minutes and treatment with AEC. Sections were then counterstained with haematoxylin, air-dried, provided with a cover slip and examined microscopically. Tachyzoites appeared larger and more numerous in IHC-labelled sections than on H&E sections. Organisms, both individually and in cysts, were seen most commonly in the lungs, heart (Fig. 4) and spleen (Fig. 5) , while in the kidney (Fig. 6 ) numerous individual organisms predominated.
A small piece of lung tissue from the paraffin wax block was selected, dewaxed in xylene and alcohol, post-fixed in 2.5 % Glutaraldehyde followed by osmium tetroxide. It was then embedded and sectioned according to Buzzola and Russel, 1991 4 . Ultrastructuarally the organisms in the lung had the typical appearance of Apicomplexa, with a nucleus situated almost in the middle with a conoid, many micronemes and rhoptries.
DISCUSSION
Although infection of wild and domestic avian species is considered common, development of clinical disease is considered rare 1, 12, 17, 25 . In susceptible avian species acute systemic toxoplasmosis is characterised by necrotic foci in various visceral organs (liver, spleen, heart, lungs, skeletal muscle, central nervous system), plus diffuse pulmonary congestion and oedema with vasculitis 1, 9, 10, 12, 15, 17 . Recrudescent infections, on the other hand, tend to have lesions restricted to or most prominent in the central nervous system, skeletal muscle and myocardium, as these are the main locations for the bradyzoitecontaining lesions 1, 12, 13, 29 . In the birds described here the wide visceral distribution and severity of lesions, as well as the heavy parasite load of tachyzoite stages demonstrated by immunohistochemistry, would be considered more consistent with acute systemic disease than recrudescent infection.
There appears to be variation among avian species with regard to susceptibility to T. gondii infection 2, 6, 10, 12, 24, 27, 33 . Chickens and raptors appear to be fairly resistant to acute systemic disease, and in the case of poultry, also experimental infection, with rapid development of quiescent tissue cysts 1, 2, 12, 24 . Canaries, geese and some corvid species have been reported to be highly susceptible to acute systemic toxoplasmosis. Clinical toxoplasmosis is deemed to be a significant threat to the survival of the highly endangered Alala
. Lesions described for toxoplasmosis also show some degree of variation among species. Canaries and possibly other passerines commonly present with ocular lesions (non-suppurative chorioretinitis), raptors have most commonly been infected with encysted stages of the parasite and disseminated disease has frequently been described in quail, mynahs and canaries. Acute pneumonic lesions with severe congestion and oedema have been described in parrots, geese and pigeons 2, 7, 9, 17, 23, 24, 30, 32 . Clinical toxoplasmosis is rarely reported in pigeons, although the disease has been described in experimentally as well as naturally infected birds. Fatal disease has been documented in Torres Strait pigeons (Ducula spilorrhoa), Wonga pigeons (Leucosarcia melanoleuca), Scheepmaker 's crowned pigeons (Goura scheepmakeri sclaterii) and domestic pigeons (Columbia livia domestica) 2, 7, 17, 21, 26 . The cases described here are believed to be the 1st report of toxoplasmosis in Nicobar pigeons. The use of toxoplasma serology in the diagnosis of toxoplasmosis in this species remains somewhat controversial. Pigeons usually develop high antibody titres following infection, although one study demonstrated seroconversion without high titres, but there appears to be little correlation with clinical disease and seroprevalance of T. gondii is reported to be low 2, 21, 26 . In addition, low serum dilutions and potential cross-reactions with other infectious agents can complicate interpretation of results 14 . The diagnosis of toxoplasmosis in these birds was based on histological lesions, the structure of intralesional protozoal organisms, specific immunoreactivity to T. gondii antisera with IHC labelling and electron microscopic features of these protozoa. The source of infection in this outbreak was believed to be feral cats, which were reported to be a problem at this particular facility. 
